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jects as assessed by two independent methods, ELISA and hemagglutination inhibition. Caregivers also had lower levels of in vitro virus-specific-induced interleukin 2 levels and interleukin 1lp; interleukin 6 did not differ between groups. These data demonstrate that down-regulation of the immune response to influenza virus vaccination is associated with a chronic stressor in the elderly. These results could have implications for vulnerability to infection among older adults.
Caregiving for a spouse with progressive dementia can be stressful; caregivers must cope with severe behavioral problems including incontinence, the inability to communicate or recognize familiar people, and wandering (1) . Dementia family caregivers typically develop anxiety and depressive symptomology associated with caregiving, even in the absence of a prior mood disorder (2) . The progressive dementias are not rapidly lethal, leading to potentially long periods of caregiving. For example, modal survival time after the onset of Alzheimer disease is up to 10 years, making caregiving a long-term or chronic stressor (3) .
In addition to caregivers' increased vulnerability to depression, data from several laboratories suggest that caregivers have poorer immune function than matched control subjects, including reduced proliferative responses to mitogens and less enhancement of natural killer cell lysis in response to the stimulatory effects of recombinant interferon y and recombinant interleukin 2 (IL-2) (4, 5) . McCann (6) showed that delayed hypersensitivity skin testing was markedly poorer in 34 spousal caregivers than 33 comparable noncaregivers. In fact, compared to normal age and gender standards, 50% of the caregivers were totally or relatively anergic, compared to only 12% of noncaregiver controls. Consistent with these differences, caregivers reported significantly more days ill than controls, primarily from upper respiratory tract symptoms as independently confirmed by their physicians (4) .
The immunological decrements associated with the stress of caregiving are of particular concern because older individuals already have age-related reductions in cellular immune function with important health consequences; respiratory infections such as influenza and pneumonia remain major causes of morbidity and mortality among older adults, and many older individuals do not respond to influenza virus vaccines (or other novel antigens) as efficiently as younger adults (7) (8) (9) (10) (11) All subjects were part of a larger longitudinal project on stress and health in older adults (2, 4, 5) . For this study, we used matched caregiver-control pairs who had all received an influenza vaccination in the previous year, excluding 22 (Fig. 1) ; the ELISA has greater sensitivity, while the HAI has excellent specificity (21 Fig. 2, IL-113 was significantly lower in caregivers than controls, F(1,54) = 13.08, P < 0.001. The change following vaccination was not significant, F(1,54) = 3.46, P < 0.07, nor was the group by time interaction, F(1,54) = 1.27, P < 0.27. In contrast, no significant differences were seen in the IL-6 responses, with F values < 1 for group (P < 0.35), time (P < 0.92), and the group by time interaction (P < 0.37). In vivo studies have shown that chronic or long-term stress differentially affects cytokine responses, suppressing some but not others, with mixed data for IL-6 (22) .
As illustrated in Fig. 3 , caregivers produced significantly less IL-2 than controls, F(1,34) = 4.70, P = 0.04 (without a group by time interaction, F < 1, P = 0.60, or a group by concentration interaction, F < 1, P = 0.88). The time effect for IL-2 was marginal, F(3,32) = 2.77, P = 0.06, probably as a consequence of subjects' repeated influenza vaccinations in prior years. As noted earlier, only subjects who showed at least 4-fold antibody responses were followed and studied further at 3 and 6 months; thus, these group differences are especially noteworthy since all of these subjects had shown a significant antibody response to vaccination by 6 weeks. Notably, four of the five lateresponding caregivers (i.e., those who showed a significant antibody response at 6 weeks but not at 4 weeks) did not produce detectable levels of IL-2, while the two laterresponding controls both had measurable IL-2 responses after vaccination. McElhaney et al. (8) suggest that cytokine responses, particularly IL-2, may represent more important consequences of influenza vaccination among older adults than antibody changes.
Percentages of T lymphocytes and monocytes. The percentages of monocytes and CD3+, CD4+, and CD8+ lymphocytes were used to assess the possibility that the differences in cytokine production simply reflected group differences in lymphocyte or monocyte percentages rather than real differences in cellular responses to stimulation. Caregivers and controls did not differ (all F values < 2.10) in percentages of monocytes (P = 0.98), CD3+ (P = 0.96), CD4+ (P = 0.56), or CD8+ lymphocytes (P = 0.16). In prior work these lymphocyte subsets were not altered by an influenza vaccination (8) . F(1,62) = 12.46, P < 0.001. Caregivers' mean ± SD score was 5.92 ± 4.59, compared to noncaregivers' mean of 2.69 ± 2.24.
In accord with the majority of caregiving studies (1) (24) showed that for each influenzaregistered death there were 2.6 additional influenza-related deaths (47% in people for whom heart disease was the reported cause of death, 23% with lung disease, and 30% with other diseases). Not (31, 32) . Age-related immunological declines are related to the increased vulnerability to infectious illness among the elderly (8, 10, 25) .
Stress-related differences in IL-1 3 may have implications for health beyond infectious disease. Proinflammatory cytokines such as IL-1 play a role in wound healing by preparing injured tissue for repair and enhancing phagocytic cell recruitment (33) . We found differences in IL-1i3 consistent with those reported here in a separate study using an additional 13 caregivers and 13 matched controls (34) ; in addition, those 13 caregivers took an average of 9 days longer to heal a 3.5-mm punch biopsy wound than controls-, i.e., 24% longer to repair a small, standardized wound.
The differences found in influenza vaccine responses between caregivers and controls provide a well-controlled demonstration of the ways in which stress could alter both the cellular and humoral immune responses to novel pathogens in Proc. Natl. Acad. Sci. USA 93 (1996) older adults. Thus, the data from this study also raise the possibility that chronic stress could have additional ramifications for infectious illness beyond vulnerability to influenza.
